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(54) HARD FILM AND COATED MEMBER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a film and a 
coated member having a low friction coeffi cient and 
best suited for utilization in a lubricating oil. 
SOLUTION: This coated member is obtained by providing 
the surface of a base material 1 with a film 2. This film is 
provided at least on a part of a sliding face. The film 2 is 
provided with a layer essentially consisting of carbon. 
Then, the coated member is used in the presence of 
lubricating oil. The lubricating oil desirably contains an 
aromatic compound. 
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(54) «KttR&tf4fta&& 



(57) imm 

&m t&uwt z mm? * . 
[^^&] a** i ±fc««i 2 *»»tfc»«awr * 




1 

e>lC^M§»«^IVa. Va> Vla&TtSlf, Al&«k 

*6I*?snfcil>ft:< it>-i*4*. coteoffc^tt 

ffi©{t^»)Btt. mMtttmiVa. Va. Vlal^TC^, ttlf 
fl&0{t-&#lJSO liSfcO ©J?*#0. 0005—0. 6 mt 

tecoft^tttt. Jl#j#SSf5IVa. Va. VIa3S?7cJfl, 
te©{t£t>©&&:a ! 0. 001 ~0. Sm mT&-5 d <h Sr^mi 

-r&mim i icEtt©?s««Bi<, 

[f»3fcJS6] f&EffiH*flK©J9*;W).05~100/imT 

[■1*517] mmmw.&mz. *mt. 

(Hk) **1800kg/mm 2 8000kg/miB 2 OTTibSu 

Ra#«0. 005 m mUt _L, 0.2jtimKTT*5C<!:*#f 
£St*Jl l fcE»©®ffi&K. 

(Hk) #1800kg/mm 2 £t±» 8000kg/mm 2 KTt, *0 
*M©ffl$Ra^0.005ximj^±. 0.2/imKTTj&5C<!: 

[S*S10] RaXHk=AtUfc«-&©A^500RT 

TfeSui: t-rsnidiJS 9 ice«©8!K8!]K. 

[ft:£jgl 1] ^ — T'lSS^OOOkg/mm 2 JSLh, 6000k 
g/nua 2 £tT"r**C£fc1#«£T*H#«7*fcW;8l;: 
BttOclKttM. 

t»*JSl2] 514.5nni©&S$:}$'37;l'=fW^-> 

u — tf - £ ffl i » 7 -7 > #3t#« ic «t o n e. n -a 5 v > 

. x>*£ h;nc*Jr»T, «*500tU:iooocii- ' KTlctf— 

^**rr*jii:*««t"r*iB*3Ki fce*o«K«[ 

[§!#JS13] «&500^±1000cm- 1 KTFIC^ffi-f 3 
tf— 9<Jm&. (1600) <h 1 340cnf ' ttifilcSFffi-r-S tf— 
£©?&« (11340) t<D&g.it (1600/11340) *<0. 02& 
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2 

±2. 5£TFT* SCt t f 5W;£Jpl 2E*S©SE5C 

[M$114] KS!C500W±1 000cm" 1 £tT»C#ffi"r-5 
fcf-*©8l$HiS (S600) tI340cm- 1 tt>fil::??£E-f -5 
fcT-:*©ffl#?i& (S1340) t©9Sflf]t (S600/S1340) 

#0 . 0 1 £U:2 . 5 & * * £ & 6 *HS £ T * R*Sl 2 3; 
&ttl3icEtt©flH*ttBt. 

[ffi3#JSl 5] HK6<JIC^©*.75^^0. 514. 5nm 
<D8L&£&-37)1,3><1*>\s— -if— SJBV>&7V>$i- 
10 3t»WtCJ;D^e.n^>5- ; 7>^^^ h;nc*s»,JT. 1560 
cm" 1 ttifi©tT— :?©3&fi (11560) tl340cm" 1 ttifi© 
t!-i7©?Sa (11340) t©lt (11340/11560) #0. IJ2J, 
±1.2«TT**££*1*«fcT*fl»3^1 KE*©« 

[W*S16] HKW»C^©«.^S3feO, 514.5nm 

3t^-Wic<i;Of#e>n-S)7v>^.-^i/ h;i>ic*si^T, 1560 

cm" 1 ttiff©fcf-^©«#3ilS (S1560) 1 1 340cm" 1 
j£©fcf-i7©*g#3Sa (S1340) t©tt (S1340/S1560) 

im&Ml 7] HK&<)tC0jift©#.#><=,te9. 514. 5nm 
©fcg 7 JPrf >-f * > U— »f- Ufc 5 •=? 
Jt^4ff»C«tO»StX*7V>^^i/ h;HCtSU»T. 1560 
cm" 1 #i£©t;— £#1 560cm" ' .kLhl 580cm" ' £(TfC# 
SE-T-5 d t *^f® <h-r^»*« 1 tcfS«©SKfeM. 

[»*^ 1 8 ] lWffifflK#BI©«BI«Sa<2. 6~3. 6g 
/cm' TSS^i 4#m<t-r-5B*^l IC|E®©®KK 

Mo 

30 [n^ii 9] mm.fmz&tm<o?>-frz>tj.z>z.t&&m 
tT&m&mi . 12-— 14, i8©um;wcfe*t©®n& 

K. 

*«*J*»s*«, l~40at.%T&3£££!|#gfc<h-r-5ii};fc 
il 1 !CE«£©^Ktti«. 

[i»*JB2i] tinmmm&mammwo.Qsum-iou 

mTSS: t Sr#a t 7 ~20OV»m*»fcE 

40 ^a<h-r^w*«iEiii©sis4!5M. 

[i*i2 3] n?tAi«t. x >$?>». ^jyj 

§&£nfci«T&3;:<h£4$&<hf •sBjfcjgi {ce« 

2 4 ] a** ©'>& < 1 1>— «k« jmurjwb 

WEWKtMII**!!!** 1 ~23©l»m*WCE«©®K» 
50 [W*J12 5] SW<t®K«lKi:©M»C«fM®$S 



3 

A, 

SMbfta»s mftz titz'ptt < 1 1> 1 a i 0 c <t * 4$ 

[f*S2 6] >fRJ1/I©/P#./W>.0l~ 1 MmffeSu 

fs«©«ffifip*t. 

[§glB©i¥ifflftiBia»l] 
to 0 0 1] 

[fED!©JgT5fefl5#S] £?5Sl T 

—&m.mftm\z&^Tfflffime>&&T\z&\,*Tmmzn 

* BESC&M t #EffiSW IC BIT * . 
[0 0 0 2] 20 

120471#^S) . 30 

[0 0 0 3] m\Z, y-i'V^y K5-f (DL 
0 , i-C, 7^7 77*-#>fti*tl?tfnTl^a 

»tttlft±"r-5t*»4:bTtt6tlTlri*. DLCtt, ft* 

[o 0 0 4] rtmtKM. 4MMMta£©flmflii3Hje3 40 
n*»fl©*<ttffl»ttTT5pj/B's*is. *&. are. 

83£I5IS^©3*D c:*lS>©S|5,STM£T-5^ 
^£<!:$3?tttT©J§sgS«&©<£iiS, BJM&ttSi^-r* 
[0 0 0 5] ffl»»T©***tt. &xt©«fc5lc. B# 

© tc&g&itAj&r ft ©la Tft^ $ n-s . 

F=AlaSm+ (1-a) SI} ••• (it l ) 

F : m&t>. A : ffifi. a : iSibBJCfctt-SBifc— B& 50 
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»»©«£. Sm : Btt-BttttftOMMUk. SI : 

[0 0 0 6] ftoX, mmtiiT<DBmVk&=S:&tiL2it% 
fztb\Z\t. (1) Stt-Btt©JWftttScSm€M&-r. 
(2) H#-B#&«©£iJ£a£M£T (jS?tfflT©ia 

[0 0 0 7] mtV>tZ\?> (1) iCfcfLXtt. gRSSS 

[0008] (2) Knit-xii, assaMs-sw 

*iJDIbX*®fi££/hS<U B#-Bft&«4©«!l£- 

H»ttT©H»«£*i»**-fc£©it**«snx^*. 
[0009] — £.\zmmMzmm&e>&mmtLT : b 

DLCtefflHSftXV**. ClWft-SXte. DLCt£ffi©}fj££ 
7V>#3fc##r, EELS («^X^;i/^-S5fe^3t) . m 

[0 0 10] 1550cm- 1 #jfii 1340cm" 1 ftifiKlifgn* fcf 

-£©9*Ktt*«£-r*fc© : #W¥2-299194». H3-3 
7109#. 1^5-151560^, (55-174368*1. |W|5-325175#^ 

41 

[ooii] sa^sitsr^-r-sfc© &mw-im 

87#. 1^6-267063^, 156-349055*1. 157-85465*1, 157 
-192254*}. |59-91686*f, I5l0-91935*f 4i$g 

[0012] dft5©K-*®«3t»flEJte«jrr*t> 

© : #^¥8-329450^. 159-153213**. 151 l-25441*f. 
151 l-86275*f, I5l0-49856*f&$g 
[0 0 13] 

K»-r*KUR*frO«»tt>lttStlTt»*t». DL 
C©««*a^Ufc«*«ft«** («W¥l-226711#4i 
ffi. #91^5-11 7087#^fB. #H^9-40494^®, 4$ 
M¥5-117856#&*) . Cin6ttl>mt>DLCi:»W4: 

[0 0 14] r@^-Hft:(D^Jg^S:Sm^@f,-rc 

Afcitbnsm ^AfSDLCTt)«^*tto.igs 
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5 

[0015] mft-m#mte<7>m& a 
z\ti izmvT\t. $i>fh<D®.m&m<i:Oj&ffiizte.z> 

[0 0 16] — a»E»J«fl£©««lltbT«DDLC 

MJPtemMfEg*«#©&®JI<tLT©8l 
[0 0 1 7] ^-niC^LT. il*OI>J?>. Mfttf 

ens ©&«#*««, ssMias^frtcjt^. 

tt. #P§¥5-296248-«t. 1^5-1 86287#£8&ft <h*d<Jtg£ 

[ooi 8] tsox, *»w®3Eewtt. mmm.&*:. 20 

*<T # * « KffiBI t ^©ifcSIBfl** £ £ Siftf £ d <t \Z * 
[0 0 1 9] 

[0 0 2 0] (MflHH) aMK9»UttftMli. ^cflS+Tfe 30 

wwm 3-5 <om^<Dmmmit. tumommmz^wm 

[0 0 2 1] fcis. DLC3&«55r*aEfl:^«l*«*Ufca» 

« 
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*»T<. l«*iIi|lll©Sg«Si»*TciT. jS^ttTlciJ 

[0 0 2 2] (?lK&M©iSfi/£<i:«it) 

LClcte. ^KMfc^£©*>&*eft*fc©;fttff£S$e<)£& 
*i**©**> &&**>©©;«#££&. rnKWlc^ 
SS©2w&>S&*.j <tte. fls«±jttW-*c£©-c#ftv»^: 

J^B*©E**H»£#ftT***£**LTt>S0!ia« 
ifcjfcU #5£iMK*tt£fl«WC£H!l©#.a»e>fc 

at%£TFT*<S. 
[0 0 2 3] *Jte**ODftViBHMHRM:. 

[0 0 2 4] fltKfltift&LTt*. fljltt. Bl 1 CSt J: 
olz, 1 ±\ZMf$.2tlfz&m2mLC<D?>.frZ>U<b 

SntHTtiH. «-&T-5^©{t^%£bTtt, Ji#3 
**»nva, Va. Vlaj&TtSi. ttft&JR. Al&JctfSi. ft 

s^cnsoiftfl:*. sfltft*#J:tfifca{k*w»&as? 

[0 0 2 5] <DDLC3j*ffi©7c*£fl:**)H3*®J5!EUT 
1^* (0 2) „ Cl©«^, {(&©7C*<hDLC*tJMTU^;U 

S©tt7cSI^«TTS6Kl*ns^. XRD (X-ray diffract 
ion) lHl»f©fcf-^ttag?Sn^CV». 
[0 0 2 6] ®DLC©*-^5^:-5 : S[ffi©4©«t'tC(|fe©{t 
5iWlft«nH5 (EI 3 A) . fl&®<t^«j*«tt 

«j©@#rt:— ^^ajK3nfc«-&T**. d©<i:^©XR 

©{t^«l©fiS»ao. 001-0. 5A£mft-5 C 

V>. ^i£-t-5>M^T«, &&a%00lMin*S&©fl&©f't£ 

[0 0 2 7] <3»LC©**^?5:<5ttffi@ 6 £, fl&©<k-& 
«!®7£*t5E5l*»IS$nT^* (E13B) „ dtltt. 
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7 

nfe«-&TS-5. {fe©{t-&$)Jf © i HMsfc d com&uo. 

O005~0. 6vmf?2>Cttfm : £l'^o &m<Dm&-it&> 

TO«t^lcLT^J6e>n-5. £-fDLC©*.A>£>ft-5&ffi 

js t fi©it^*> e. ft s&bsb ©& * ©j&Rjgft £#«e> 

fltifi*i«^Sn*E*©H0«:iiaEUfei:C:5. 0.0005 

tt. DLC©*7&>Sft*«ffi«CjttfcLT, — 

SEoT, 8tiBflra©i£B©*S9£tmc©*fti&&S 
[0 0 2 8] ft*. fDLC©*** (JB) J . 

(if) j . row©* Kte©<fc*4fe#ttttfc*fcsnT 

(®) j &<fctf ma>ft&mm& oi> j £s 

-Tftfc*.. 04 (A) CskT <fc 5 «®£#£a 

©&tKSP8i;ftrag|g|S9©#*£ IDLC©*^e.ft*gB 
#j . H)LC*«te©7C*t<t#**®jacUTl»«a 

4 (b) tc^-r«to{c. ®m.±wzw,— motm-mi 
£fre>tz.&mmmmtis, m— jhos&m:jr=jiii®# 

rDLC©*J&>e>ft£Jf J , rDLC:0<ffi©7C5iit{t:-&#J 
Sr?^fi£L.TliS)lJ , rDLC©"t«JC(te©{t-&#jd<tittlC 30 

tfUTi>4«^iij t r®«g«jtj ©«^tc. rffe 

[0029] («■!©«&) axttfltojK-TKft « 

k) £l800kg/mm 2 fiU:. 8000kg/mm 2 HTttSui: 
#g*UH. $3MC y®£te2000kg/W &L±, 600 
Okg/mm 2 

[0030] mmvm&t, ffi&*£Tfr9. y^-v 

^>H®l©^-yjE^5rffl^. ^fS50gv tfSftffittmi 40 
0#M£L. jW5effil0^C©spl^(Bfr-2>. «BIS®©[HI 
Cutf** < JE*©»tt*«H.A.K: < lr»0*tt. #8000©y-f 

[003 i] ««©»in#*aff*©*ii>«r3i*fi;ir 

fcJWItttt. **J^iB«£«r»K]t«*"*. H#I3± 
©Tteft<> «®©a£-*>3fc9^©?&«fi<Jft^e8fl# 

-nffiiMiiT$-5. -©RH^fls so 
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<ft&. ^eap^T**xsiSE<54®ttffifa©itiD^<N i o 
ffi*f>ft < ft fp , x9ittM9«»«d>'r«. oso, * 

[0 0 3 2] (&UR©&ffi&3) IItIOgffiC0ffl$ 
tt. 4 I 'Di^ i Pi^ffl^RaS-0.005/im^±. 0.2£tmtTF£ 

[0 0 3 3] S!KtSR©«®m$^±f5^ffli-rn«. 

■T-&. foT> Ra^0.2Mm^TT-$>n«> ifflttjfc*© 
JSJ&^&te, (1 800£t J18OOOKT) 

ffilJ;9<£<ft-5„ S®a$«(aViff Hri*«, Ra*< 
0. 005 m m*^©«MSrf^»-r * CI «h ttSWW iCH L 
«r». ft^T. «fcOffi^**ff ft Ra 
0.005#m£U:. 0.2# m&TT*.5CIiatgi;Llr>. * 
®a*Ra©Sa^ftttIIS B0601IC«5£©^te»C2|ii;T 

HO. 3mm/s. Cut-of ffitO. 8mm i: LT, 8^jil^Lfc^i^ 
[0 0 3 4] ®K&fit©^[8ffi2£j*3£T'5^B©5 

S"bssft ! b©ttttJK*«9gfi)csn*s»©s®a$ 

JW^»«5ft t*fcJ: tf >^"TS CttHa*«'>S« 
RaAt0.2/tDSftT«n«. OTiJJOXTjiJKT 

-i'ikmmmm^m^, #ic*®a$sro.o2MmmTtc 

[0 0 3 5] iEHflEtaHaSWSR^OiftfrS 
MSCtWSUK ^©tfTfc, Ra (Mm) XHk 
(kg/mm 2 ) =AtLftS^l;, fcfflA^500^TTS-5 C 

¥»©**6ft3&j*tr'<ft*) . ^fc. *ffia^7j < a<ft 

^CtTfcffi#?ft:Stt«ii5<ft^<, ±IESfliA 
S600£tTtr*CtT, SS*^iiS<T ! b*®a$*M 

300£[TTJ&*Cli*WiSTS.-5. 

[0 0 3 6] (&M©X^i7 h;|/Jg«) 5 
V>7>^^ h;HCt3ft-SKSt500^±1000cm- ' UTFlCbf 
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[0 0 3 7] Z\<Dy^>7.^i7 hMt, 514.5nmCO&fi 
£ 7 )V dt >-f :* > U~ if- £ ffl 7 V >^^tFf 

(c<ko#^. «to^b<«. #5>nfcx^i7 hfromm 

[0 0 3 8] *§£9!©®StfcfcI£TW:, 500~1000cm- 1 © 
P(fl, 1340cm- 1 #jfi*i±y:i560cin- 1 ttjfiCD^U- 3 ®/9fK 
tr-^ffi0*^j|y$tl-5. CYDTf£«Sftfcf£3lE©«» 

500~ 1 000cm- 1 C0fflCD¥—?temm-2tltl 10 
^„ 500—lOOOcm- 1 ©WKie— ££*pf 

[0 0 3 9] SSlC. «S:500W± 1000cm" 1 i^T»C#& 
-T-5 (1600) il340cm-' -ftjfi(C#ffi-T-S 
■tf— ?<D%ig. (11340) tcD^Sit (1600/11340) #0.0 

[0040] ^nu. gs/Mt-y x<Dif^yr^ h^mz- 

TZ>t%Z.t>nz>. :CT«, tf-^^S (A3) 20 

tf— ^W^ilJt (S600/S1340) teO.01.£U:2.5.£CFT 

3; LV>. tf-i7«»?iSlt^0.01*jST* 

[0041] ifc, cftsoHKiURW:. hmmic^ 

<5®St&$|-m500£LhlOOOciD- 1 SXT\Z\f. — fifi®M-£ 
tl2>. 30 

[0 0 4 2] HKMlCwfraW^)i^T^'5S 
K^IC*5liT, 5^>^.^^ HJHC*5^-51560cm' 1 ft 
ifidifc^ tf— :7©*g#3£fi (S1560) <hl340cm- ' #}£© 
tf— i7 (Dffift&g. (S1340) «h©Jt (S1340/S1560) 

-To ^n^nx^^mm^mitmz^m^w^ 

[0 0 4 3] SSK. fc;-^©«#3£g*:l7Tft<, tf 
— ^?Sa (iSS) it (11340/11560) ICfe^LT*3 40 

0.1W±1.24UTT&nfcf<£j§S}g$&, iSSg5«14£ 
tkT. Ctlb, 1560cm" 1 #jfi(C^?>tr-i7?SSt 1340c 
m" 1 tti£© tf-4? &&£©it«. SP 2 /SP 3 Jttfc^fe 
ti. &Hlrtg|S©iaiil©if££#SI (SP 2 . SP 3 ) o#4i 

*«UTi»4. ^ne>e-^^«it^. a&sp 2 ©^r 

tttt^ff ^t^tfli. 1560cm-' ttifi©tf— 

ligEtt-tt^lRliUTl^. S1340/S1560#3£@;l 50 
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TSP 3 tt&ttiWK^ W££ £ 1 1 340/1 1 560**1 . 2£2iA. 

iT^ofc. £tz. S1340/S1560#0.3*^trF43<fctfIl 
340/1 1 560**0. l*iSCD»-&. SP 3 JS^tt^iS < & Z> . + 

[0 0 4 4] f tT» *K«lCiftS|SO**»6!4 0, 57 
>7.^i7 h;KC*5lt-5 ri560cm-' #jfi©tf-;7J #156 
0cm"' £Lhl 580cm- 1 ^T©ffllC#£LTV>tlWu {£H5 
.!*»#*§te£SI«T£S. ?V>7.^^ MI/© 

tffli:->7hn. KIHU^J&;4*<EEItMlCift<'> (tf 
-2#«fcDigifl£gc#JI;:$>5) J: O its 

BjMfcttSjR-rcitja.HiLfc. ©magmas, aw 
©^*ti«©s o ^tm (K-wzmm 

-4GPa£Lh. -10GPaWT©<fr$>orc 0 ZLOEEMfcti 
ffiil560cm-' ^■jfi©5V>tT— ^©tr— 0 

[0 0 4 5] 7^>ftytftm\z&~3T. sk±.v>mm<D5z 

[0 0 4 6] (KJK©SS) ig*Sg#Scft 
i»*«'ttlSl±©»^6.2. 6~3. 6g/cm' 

a«©«S^t&Wffl#:»-rSiJofc ! b©S:fflV^„ ^© 
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ki t : 


ir in 

VAD 


5 


5 [ 


4. 5 


ft <^ »» 
0. 07 


0.05 


7 


ft f\ n 

3-32 


kT 

N, Cr 


VAD 


4 


4 


. 4. 6 


ft ft w 

0. 05 


0.04 


8 


3-33 


kT ^ — 

N, Cr 


VAD 


15 


15 


• 
1 


ft /> 
0. 06 


0.05 


6 


3-34 


fcT ■*> — 

N, Ta 


SP 


85 


ft /\ 
20 


ft ft 
0.8 


0.05 


0. 04 


6 


3-35 


N, Ta 


VAD 


60 


23 


M ft 

4. 3 


0. 05 


0.03 


7 


3-36 


N,Mo 


YAD 


4 


1 


5 


0.06 


0.05 


8 


3-37 


N, Mo 


VAD 


15 


3 


2. 3 


0.05 


0.04 


5 


3-38 


N,W 


VAD 


13 


16 


9.8 


0.06 


0. 05 


6 


3-39 


ft Tk V t 

C, N, Si 


SP 


32 


23 


1 


0.05 


0. 04 


8 


3-40 


C. N, Si 


SP 


83 


23 


1.3 


0.07 


0. 05 


7 


3-41 


C, N.Ti 


YAD 


52 


48 


1.3 


0. 06 


0. 04 


5 


3-42 


C. N, Ti 


VAD 


4 


6 


4.5 


0.05 


0. 03 


6 


3-43 


C, N, Cr 


VAD 


3 


2 


10 


0.06 


0.04 


7 


*y a a 

3-44 




VAD 


t IS 

Jo 


16 


i 


A ft H 

0. 07 


0. 06 


7 


3-45 


C, N. Ta 


VAD 


15 


6 


5.8 


0. 05 


0.04 


5 


3-46 


CN.Mo 


VAD 


2 


13 


6.3 


0.05 


0. 03 


6 


3-47 


C, N f Mo 


VAD 


8 


16 


2.4 


0.04 


0.03 


8 


3-48 


C, N t W 


SP 


58 


150 


0.8 


0.05 


0. 04 


7 


3-49 


C.N.W 


VAD 


6 


3 


15 


0. 06 


0.04 


8 
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Jgl 


S2 


JS l 

m& 


82 

mm 






Mm 








Vffittft 


mnm 


4-1 


Si 


C. Si 


0 3(a) 


0 3(a) 


SP 


0 4(a) 


1.5 


0.05 


0 04 


6 


4-2 


Ti 


N, Ti 


0 3(a) 


0 3(a) 


VAD 


0 4(a) 


3.2 


0.05 


0 04 


6 


4-3 


Cr 


C.Ti 


0 3(a) 


02 


VAD 


0 4(b) 


5.1 


0.04 


0 03 


6 


4-4 


Cr 


CTi 


0 3(a) 


0 3(a) 


VAD 


0 4(b) 


5 


0.06 


0 0^ 

v. Uv 


ft 

o 


4-5 


Cr 


CCr 


0 3(a) 


0 3(b) 


VAD 


0 4(b) 


3.2 


0.05 


0 04 

\I . u*t 


7 
• 


4-6 


Cr 


CCr 


0 3(b) 


0 3(b) 


VAD 


0 4(b) 


1.4 


0.06 


U. UO 


ft 
o 


4-7 


Cr 


N. Cr 


0 3(a) 


0 3(a) 


VAD 


0 4(b) 


18 


0.04 


0 03 


ft i 
o 


4-8 


Cr 


N.CCr 


0 3(a) 


0 3(b) 


VAD 


0 4(b) 


54 


0.05 


U# U*r 


7 
f 


4-9 


W 


W 


0 3(a) 


0 3(b) 


VAD 


0 4(b) 


7.6 


0.05 


n ha 

U. 


Q 
O 


4-10 


C. Si 


CTi 


0 2 


0 3(a) 


SP 


0 4(a) 


1 


0.06 


u. uo 


ft 
0 


4-11 


C. Si 


C.N.Ti 


0 3(a) 


0 3(a) 


SP 


0 4(b) 


1.4 


0. 05 


n m 
u. u* 


Q 
O 


4-12 


C, Ti 


C Cr 


0 2 


0 2 


SP 


0 4(a) 


7.6 


0. 05 


n aa 


7 


4-13 


CTi 


CCr 


02 


02 


YAD 


0 4(b) 


19.8 


0. 06 


ft f\A 


7 
1 


4-14 


C.Ti 


C Cr 


0 3(a) 


0 2 


VAD 


0 4(a) 


2.3 


0.05 


U. 


7 


4-15 


CTi 


CCr 


0 3(a) 


0 2 


VAD 


0 4(b) 


4.6 


0. 05 


A AX 

U. U4 


0 


4-16 


C.Ti 


C. Cr 


0 3(b) 


0 2 


YAD 


0 4(b) 


10.1 


0. 05 


A A/* 

U. U4 


Q 

y 


4-17 


C.Ti 


CCr 


0 3(a) 


0 3(b) 


VAD 


0 4(b) 


30.4 


0. 04 


a n? 
U. Uo 


Q 


4-18 


CCr 


CCr.Al 


0 3(a) 


0 3(b) 


VAD 


0 4(b) 


2.4 


0.05 


A A) 
U. Uo 


o 


4-19 


C. Cr 


N.Al.Ti 


0 2 


0 3(a) 


VAD 


0 4(b) 


8.6 


0.04 


A A 4 ) 
U. Uo 


7 


4-20 


CCr 


Al 


0 3(a) 


0 3(b) 


VAD 


0 4(b) 


6.6 


0. 04 


0 03 


5 


4-21 


CCr 


C. N. Cr 


0 3(b) 


0 3(b) 


VAD 


0 4(b) 


5.7 


0. 05 


0.03 


6 


4-22 


C. Ta 


C. N. Ta 


02 


0 3(b) 


VAD 


0 4(b) 


3.4 


0.05 


0.04 


5 


4-23 


C, Mo 


N.Mo 


02 


0 3(a) 


VAD 


0 4(a) 


6.9 


0.05 


0.04 


5 


4-24 


cw 


CW 


0 2 


0 3(a) 


VAD 


0 4(b) 


9.8 


0.06 


0.05 


7 


4-25 


C.f 


CW 


02 


0 3(b) 


VAD 


0 4(b) 


5.6 


0.06 


0. 04 


8 


4-26 


cw 


CW 


0 3(a) 


0 3(b) 


VAD 


04(b) 


10.4 


0.06 


0. 04 


8 


4-27 


N. Ti 


N.Cr 


0 3(b) 


0 3(b) 


VAD 


0 4(b) 


13.2 


0. 05 


0.04 


8 



[0079] si oic^-r«t5(c. ^Tn©HM^Jfeit 

[0 0 8 0] (UmmV RFSdSy^XvCVDffii^T 

[0081] RFssey^xvcvDgffl^s 5 ic^-r. ^ 

<E>3£»«. Jfl£ffl21f*3[C*¥«#©aitf7}v;i/y22£ : f| 

23^g$nx^-5. sw*;i/^22ic«. itsi^afc 

«iH4i3ctD:iS8SmilS25^iit$nT^^. fLt. K 

£ft21te#*gAP26£#*ai^P27<h£flrX.T^-5. 40 

[0 0 8 2] CKDiri^gaiCijliTRFSbe^^XTCV 
DffiT^t"-5»-&v mWi7,\Z\tC\{ A . C 2 H 2 . C« H 
e *^*t21rtOSM*;U^22lC«^28^-tl^ 
hLfel, gfirt*2xi0- 5 TorrJ^TIC^7.S^P27 

^e>K^^-rs. gfSrtrot-^-3*m5£©ias^ 

Ar#X£;tf;*.igAP26#><=>K£*t2lft 

IC&AU gBrt*20mTorr(CT-5. 
y22lCIl;^€JES:-l000VEnjDL. Ar:/5;C7<£-f££$ 
1*. Ar-r^->(DS*t28^Offi^»Cj;0. «#«i©fin 

£Rfc4T-5 TAr/JOA— KjaSj £fT3. Si l 50 



[0 0 8 3] 

[aii] 
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200-600 






CH 4 , C 2 H 2 > C € H 6 




Torr 


0.2-0. 001 




t: 


50-400 
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A 


30-120 




V 


-800-0 


(Ar S A**) 


Pa 


0.41-2.8 




Rpm 


0-30 
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[0088] mfe&fin.sm. ai^xtf- 
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[813] 







(kg/mm 2 ) 


Ra 

(um) 


(ttm) 


s« 


#8M8» 


5-1 


VAD 


1738 


0.26 


1.1 


SUS304 


0. 064 




5-1 


RF-CVD 


4323 


0. 240 


0.8 


SCM415 


0. 041 


2r$S 

w 


5-2 


VAD 


3564 


0.210 


0.4 


SUS304 


0. 038 


5-3 


VAD 


5986 


0.300 


0.2 


SCM415 


0.039 


5-4 


RF-CVD 


7230 


0. 260 


0.4 


SUS304 


0. 038 




5-5 


VAD 


2345 


0. 240 


0.1 


SKD11 


0. 044 




5-6 


YAD 


1983 


0.250 


0.4 


AC8A 


0.047 



[0 0 9 3] 8141C. p?-:/Sgg#1800jy > TT&9. Ra 
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(kg/mm 2 ) 


3cffifi£ Ra 
(Mm) 


mm 

(mid) 






Jttt« 

5-1 


VAD 


1738 


0.26 


1.1 


SUS304 


0.064 




6-1 


RF-CVD 


1564 


0. 006 


0.6 


SCH415 


0. 038 




6-2 


RF-CVD 


1465 


0.090 


0.72 


SUS304 


0. 037 


08 


6-3 


RF-CVD 


1340 


0.123 


0. 68 


S45C 


0. 040 




6-4 


VAD 


1124 


0.034 


0.8 


SCr4I5 


0. 042 




6-5 


RF-CVD 


1667 


0.062 


0.45 


FC250 


0.037 




6-6 


VAD 


1738 


0.083 


0.97 


SCM415 


0.038 
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^[SUS Ra 


BKJP 




mttm &m ft7 40r 






(kg/mm*) 


(Mm) 


{Um) 






Mm 5.1 


VAD 


1738 


0.26 


1.1 


tT\ Trt AA J 

SUS304 


0.064 i 




7-1 


RF-CVD 


2617 


0.153 


0.8 


SCM415 


0.032 




7-2 


RF-CVD 


6125 


0.092 


0.8 


SCM415 


0.028 




7-3 


RF-CVD 


6929 


0.186 


0.75 


AC8A 


0.030 




7-4 


RF-CVD 


2685 


0.116 


0.8 


S45C 


0.031 




7-5 


RF-CVD 


3293 


0.078 


0.9 


SCM415 


0.029 




7-6 


RF-CVD 


2969 


0.063 


0.9 


FC250 


0.024 




7-7 


RF-CVD 


1850 


0.032 


1 


SCM415 


0.028 




7-8 


RF-CVD 


2587 


0.038 


0.7 


SUS804 


0.033 




7-9 


RF-CVD 


2519 


0.093 


0.9 


SUS304 


0.037 




7-10 


RF-CVD 


3450 


0.084 


0.6 


S45C 


0.021 




7-11 


VAD 


4263 


0.098 


0.7 


SCM415 


0.025 


a 


7-12 


VAD 


1901 


0.056 


0.8 


SCM415 


0.039 




7-13 


VAD 


3763 


0.017 


0.5 


SCM415 


0.023 




7-14 


VAD 


4234 


0.039 


0.3 


AC8A 


0.032 




7-15 


VAD 


2411 


0.062 


0.2 


SKDll 


0.036 




7-16 


VAD 


3489 


0.034 


0.15 


SCr415 


0.022 




7-17 


VAD 


2087 


O.081 


0.05 


SCM415 


0.04 




7-18 


VAD 


1823 


0.083 


0.01 


SCM415 


0.041 




7-19 


VAD 


2979 


0.057 


0.03 


SCM415 


0.028 




7-20 


VAD 


6595 


0.068 


0.64 


SCM415 


0.022 




7-21 


VAD 


1989 


0.015 


0.8 


S45C 


0.036 




7-22 


VAD 


2313 


0.046 


0.9 


SCr416 


0.035 




7-23 


VAD 


3499 


0.006 


1 


SUS304 


0.03 
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Ra 


mm 




MMftft 






(um) 




(kg/mm 2 ) 






mm 




JttM 5-1 






VAD 


1738 


0. 26 


1.1 


SUS304 


0. 064 




8-1 


Ta 


0. 37 


RF-CVD 


2565 


0.26 


0.5 


SCr436 


0.047 




8-2 


W 


0. 29 


RF-CVD 


5874 


0.35 


0. 64 


S45C 


0.042 




8-3 


Si 


0. 48 


VAD 


1856 


0. 24 


0. 8 


SUS304 


0.045 




8-4 


Nb 


0.46 


VAD 


4632 


0.3 


0.7 


SUS304 


0.043 




8-5 


Tl 


0. 56 


VAD 


3671 


0.24 


0.8 


SKDll 


0.044 




8-6 


Cr 


0. 13 


VAD 


2546 


0.31 


1.7 


5CM41B 


0.042 




8-7 


Si 


0.55 


RF-CVD 


1125 


0. 04 


0.6 


SCM415 


0.042 




8-8 


W 


0.52 


RF-CVD 


1045 


0. 05 


0.7 


AC8A 


0.043 




8-9 


Tl 


0. 37 


RF-CVD 


1632 


0.07 


0.6 


SKH51 


0.042 




8-10 


V 


0. 54 


RF-CVD 


1524 


0.14 


0.9 


SCr436 


0. 041 


m 


8-11 


Zr 


0.58 


VAD 


1273 


0. 06 


0.6 


SCM415 


0. 041 




8-12 


Cr 


0.12 


VAD 


1436 


0. 113 


1.2 


SCM415 


0. 04 




8-1 S 


Hf 


0. 23 


VAD 


1353 


0. 05 


0.7 


S45C 


0. 042 




8-14 


Si 


0.21 


RF-CVD 


2019 


0.016 


0.8 


SCM415 


0. 034 




8-15 


Si 


0.8 


RF-CVD 


2999 


0.016 


0.8 


FC250 


0.038 




8-16 


Si 


0. 52 


RF-CVD 


4439 


0.018 


0.75 


SCM415 


0.032 




8-17 


Ta 


0.67 


RF-CVD 


2401 


0. 036 


0.8 


SCM415 


0.042 




8-18 


Ta 


0.48 


RF-CVD 


2832 


0. 045 


0.9 


S45C 


0. 029 




8-19 


TaC 


0.22 


RF-CVD 


3499 


0. 035 


0.9 


SCM415 


0.022 




8-20 


W 


0. 13 


RF-CVD 


2979 


0. 036 


0.7 


SCM415 


0.036 
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[0102] 





datura** 








«|HltR3 Ra 










$5 


MX OU 






ftf 9 J VV\ 1 

! vx* rnj 


KUW 












VAD 


1*700 

1738 


0. ZD 


1. 1 


! SUS304 


0. 064 




8-21 




/% mj m 

0. 76 


RF-CYD 


A M> Mi Mi 

3508 


A Mj M 

0.06 


A M 

0. 6 


SKD11 


Mi Ml M > 

0.021 




8-22 


Cr 


0. 13 


RF-CYD 


A M> M M 

4586 


Mi Ml Ml A 

0.092 


Mi Mi 

0. 8 


Mi MA j j * M 

SCM415 


Ml Ml M A 

0.024 




8-23 


Cr Rikto 


0. 11 


RF-CYD 


3788 


0. 125 


0. 7 


SCM415 


0.023 




8-24 


Nl) 


A. ft 

0. 36 


TIT* mffy 

RF-CYD 


4 A ^ A 

1852 


Ml A A> 

0. 07 


0.7 


mi m < a & m- 

SCM4I5 


M. Ml Mi M 

0.025 




8-25 


Nb 


0. 44 


RF-CYD 


Mj M- • M* 

2617 


Mi Mi AA 

0. 089 


Ml Mi 

0. 8 


SCM415 


0. 041 




8-26 


Nb 


n a j 

0. 74 


f\T> MM MT\ 

RF-CYD 


A A A M. 

3949 


Mi Ml a A\ 

0.014 


Mi M 

0.5 


FC250 


0.023 




8-27 


Ti 


A A A 

0. 32 


RF-CYD 


1823 


1 0. 036 


0.3 


SCM415 


0. 036 




8-28 


Ti 


0. 55 


RF-CYD 


A M A M* 

3097 


0. 036 


0. 15 


SCr436 


0. 022 




8-29 


M) 

J Zr 


a a a 

0. 88 


V% W Mil MMj 

RF-CYD 


Ml m Mi m> 

2607 


Mi Ml Ml M 

0.033 


0. 01 


SCM4I5 


0. 045 


m 


8-30 


M> At% 

ZrC 


0. 23 


RF-CYD 


1989 


0.037 


0.8 


AC8A 


0. 037 




8-31 


TaC 


0. 56 


RF-CYD 


4361 


0.032 


1 


SUS304 


0.03 




8-32 


fif 


0.58 


RF-CYD 


3499 


0.068 


1. 


SCM415 


0. 03 




8-33 


Ta affctt 


0.43 


RF-CYD 


3273 


0.056 


0.3 


SCM4I5 


0. 033 




8-34 


it mem 


Ml Mi M. 

0.33 


RF-CYD 


3361 


0.007 


0.8 


SKD11 


0. 033 




8-35 


Si 


0. 54 


VAD 


2401 


0.007 


0.6 


SCM415 


0. 032 




8-36 


Si 

W 1 


0 23 


VAD 


3175 

til IV 


0 054 

v. vui 


0 7 


SKH5I 


0 03R 

Mm MOO 




8-37 


Si 


\ 0 67 


VAD 


4469 


0 07 

v. V 1 


0 R 
u. u 








8-38 


Ti 


0 98 


VAD 


2636 


0 075 


0 2 








8-39 


Ti 


0. 65 


VAD 


i 3891 


0 081 

W • WW A 


0 05 

W » WW 


SCM415 


0 044 




8-40 


Ta 


0. 64 


VAD 


2185 

mat m \J V 


0.006 


1 

■ 


SCU415 


0. 042 










r 


^1 81 

-3X J. O J 


















Ra 






Jte&ffift 






(/in} 




(kg/mm 2 ) 




(un) 






mm 5-1 






VAD 


1738 


0.26 


1. 1 


SUS304 


0. 064 




8-41 


W 


0. 33 


VAD 


3940 


0. 124 


0.8 


SUS304 


0. 037 




8-42 


w 


0.55 


VAD 


2607 


0.024 


0.9 


SKH51 


0. 042 




8-43 


Ti 


0.66 


VAD 


3175 


0. 03 


0.7 


SKH51 


0. 036 




8-44 


Zr 


0. 63 


VAD 


2773 


0.009 


0.6 


SDS304 


0. 04 


8-45 


It 


0.9 


VAD 


4665 


0. 06 


0. 03 


AC8A 


0.028 


i 


8-46 


ZrC 


0. 54 


VAD 


6595 


A A A 

0.06 


A A A 

0.64 


A Al • l ■ M" 

SCM4 1 5 | 


0. 041 




8-47 


Hf 


0.27 


VAD 


2313 


0. 049 


0.9 


SCM415 


0. 036 




8-48 


Cr 


0.12 


VAD 


3798 


0. 087 


0.6 


SCU415 


0. 031 




8-49 


V 


0. 63 


VAD 


2877 


0. 079 


0.7 


AC 8 A 


0.035 




8-50 




0.42 


VAD 


2283 


0. 063 


0.1 


SUS304 


0. 041 




8-51 


Nb &<tto 


0. 52 


VAD 


3597 


0. 005 


0.2 


SKH51 


0.035 




8-52 


Ti a<fc« 


0.35 


VAD 


3146 


0.06 | 


0.7 


SKDll : 


0. 032 1 



[0 10 3] H8£«&£j*ttffi8c<Z>Hft&;K 

t. «i3wjt»0ij5-i$-x, aEBasR83^o.2Sia*** 

Sffiffl^Ra^O. 005K±. 0. 2£ATCD^M*Ot 

\Z. X — yg!a^l800UI±8000j;(.TT&O, d^ORa^O. 
005«±0. ^>«^!Cg <bJMKff ft«tfi <&^T 

[0104] mmm7) &ttt<D&mti&##>2>tz!?> 40 <a 

#tt^c*^, «*iftfc»»s-a-a. :ott, HP bolt 



^IC%±-TSAE (Acoustic emission) £-£>+)— -ICJ: 

cT^wb. AE**«*bfci*o#b"3tj«fasatjH« 

HffiSirbfc. C(D<h^, AEC5^±tSIISC0jWffilfiim^ 
&fr-z>tz. 

[0 10 5] K»H"tbT. >^ r j*»C«toT 

«»^^ltJ)DbT^-5^t*tt)^ofe. 
[0 10 6] 
[«1 9] 



( 18 ) 



33 



2001-192864 

34 





mm 






Ckg/OBB 1 ) 


Ra 

(tim) 


&J9 
(jzq) 


mm 




00 


itmfl 7-3 


- 


- 


RF-CYD 


2564 


0.045 


0.8 


S45C 


0. 034 


15 


Mm 7-4 


— 




VAD 


3542 


0.035 


0.8 


SUS304 


0. 036 


12 




9-1 


Si 


U. Zl 


RF-CVD 


nni n 

2019 


ft ftl c 

0. 01 o 


ft D 

0. o 


CPU A 1 C 


0. U34 


ZD 




9-2 


Ta 


U. 48 


RF-CYD 


nnno 

2832 


ft ft A £ 

0. 045 


ft A 

0. 9 


CA Eft 

S45L 


ft ftfJD 


9ft 




£-3 


TaC 


0. ZZ 


RF-CVD 


3499 


ft ft 0 C 

0. 035 


A A 

0. 9 


SCM415 


ft ft 99 

0. VlZ 






9-4 


w 


A i a 


tsn pirn 

RF-CVD 


2979 


n nn c 

0. 036 


n t 

0. 7 


SCM415 


ft A Q £ 

0. 036 


Z4 




9-5 


W 


a ie 

0. 76 


RF-CYD 


3508 


A At 

0. 06 


n b 

0. 6 


SKDU 


0.021 


Of 

25 




9-6 


Kb 


a u 
0. 74 


RF-CVD 


3949 


n ai a 

0.014 


n c 

0. 5 


FC250 


A AOO 

0. 023 


O A 




9-7 

9F f 


Zr 


0. 88 


RF-CVD 


2607 


0.033 


0. 01 


SCM4I5 


A A J t 

0. 045 


25 




9-8 


ZrC 


0. 23 


RF-CYD 


i n on 

1989 


0.037 


n o 

0. 8 


AC8A 


0. 037 


Z5 




9-9 


«■ a 

TaC 


0. 56 


RF-CYD 


4351 


0. 032 


I 


f*rrc* ai\ a 

SUS304 


0.03 


A #• 

26 


11 

M 


9-10 


Hi 


0. 58 


RF-CYD 


tt j An 

3499 


0.068 


• 

1 


SCM415 


n no 

0. 03 


o o 

23 


9-11 


Ta &<tm 


0. 43 


RF-CVD 


3273 


ft #V ^ ft 

0.056 


0. 3 


ft ft* J A * ^ 

SCM415 


a ft n ft 

0. 033 


A, A 

23 




9-12 


Zr ffcffcfc 


ft A A 

0. 33 


RF-CVD 


3361 


0.007 


0. 8 


SKDU 


0. 033 


24 




9-13 


ft 

Cr 


0. 13 


A.r* /\vrn 

RF-CVD 


M ft A 

4586 


/\ AAA 

0.092 


A ft 

0. 8 


SCM415 


ft ft A A 

0. 024 


ft ft 

26 




9-14 


ft • 

St 


0. 54 


VAD 


2401 


0.007 


0.6 


SCM415 


ft ft A ft 

0. 032 


26 




&-15 


Ta 


0. 64 


VAD 


41 DC 

2185 


ft nne 
0. ODD 


1 


SCM415 


ft ft A 9 

0. 04Z 


zz 




9-16 


W 


0.33 


VAD 


3940 


0.124 


0.8 


SUS304 


0. 037 


24 




9-17 


Ti 


0. 66 


VAD 


3175 


0. 03 


0.7 


SKH51 


0. 036 


25 




9-18 


Zr 


0. 63 


VAD 


2773 


0. 009 


0.6 | 


SUS304 


0. 04 


23 




9-19 


ZrC 


0. 54 


VAD 


6595 


0.06 


0. 64 


SCM415 


0. 022 


22 




9-20 


Cr 


0. 12 


VAD 


3798 


0.087 


0.6 


SCM415 


0. 031 


27 




9-21 


V 


0. 63 


VAD 


2877 


0.079 


0.7 


AC8A 


0.035 


21 



[0107] (Iftttffll 8 ) Kttffl 1 t ra*©J*«*ifcfc: 

fe. K»^frtt. ft^aiON. 3SS26mm/s, tt-T-^OB 
Bt290m> fiS6mm©SUJ2$:ffi#Wtf>tbT. X>i?> 

[0 10 8] «20tC«ffift$*iRa=0.2*eA, ^— f 



30 



ft. Jtfe^tLT, Ra*<0. 2*ie*T. A^pt-^Ta* 
^173807^1/7 7^*— 3l?>IK (ttfe^J8-5) CD^fS 
«**jM3£bfc. Jt«^J8-5tJt^*t. «SS«»A«fi 
«l/T^5. ®ft^2000W±6000iUTO*yST 

[0 1 0 9] 
[82 0] 







(kg/mm 2 ) 


Ra 

(Aim) 


sum 






JtttM 8- 
5 


VAD 


1738 


0. 26 


1.1 


SUS304 


0.07 


m 


10-1 


RF-CVD 


4563 ' 


0.250 


0.9 


SUS304 


0. 042 


M 


10-2 


VAD 


3655 


0. 225 


0. 63 


SCM4 1 5 


0. 045 


10-3 


VAD 


2634 


0. 233 


0. 45 


SKD51 


0. 048 




10-4 


VAD 


5867 


0.246 


1.65 


S45C 


0. 042 



[0 1 1 0] X21£. *-:7W«*«2000Bt±6000filTT 

*^Ra*«0.005W±0.2JJlTOteMlCPHT^Bffi 40 [0 111] 

$Ra. itnuc, mttmm. mm. **«»icov»t* 12211 



( 19 ) $#H2 001-192864 

35 36 







(kg/mm 2 ) 


Ra 

(**m) 


mm 

(MB) 


mm 




Jt&ftl 8-5 


VAD 


1738 


0.26 


1.1 


SUS304 


0.07 




1 1-] 


RF-CVD 


3587 


0.165 


1.79 


SUS304 


0. 038 




11-2 


RF-CVD 


4567 


0.070 


2.65 


S45C 


0.036 




11-3 


RF-CVD 


4123 


0.007 


1.02 


SCM415 


0. 026 




ii * 


RF-CVD 


2568 


0. 176 


0. 86 


FC250 


0.037 




11-5 

11 o 


RF-CVD 


2236 


0.093 


0.53 


SCM415 


0.036 




11-6 


RF-CVD 


3235 


0. 065 


0.46 


S45C 


0. 032 




11-7 


RF-CVD 


2243 


0.122 


0.44 


SKD51 


0.046 




11-8 


VAD 


2689 


0. 096 


0.3 


SUS304 


0.035 


11-9 


VAD 


3987 


0.065 


1.95 


SCr415 


0.032 




11-10 


VAD 


4359 


0. 042 


1.65 


AC8A ' 


0.028 




11-11 


VAD 


3657 


0. 078 


0. 78 


SKDtl 


0. 03 




11-12 


VAD 


2697 


0.165 


0. 66 


FC250 


0.038 




11-13 


VAD 


4867 


0. 086 


0. 35 


SKD51 


0. 029 




11-14 


VAD 


2374 


0.146 


0. 22 


SUS304 


0. 046 




11-15 


VAD 


5682 


0. 032 


1.88 


SCr415 


0.026 




11-16 


VAD 


3668 


o.ot 


2.67 


SCM415 


0. 031 



[0112] B9Ki, mmtmm&ik<Dm&&7f;-?o m 

0(£Jt*fc#J8-5£x. ^®fi£Ra#0. 2£S*-£iS[J8i£ 
A; ^®ffi£Ra7W).005;£U:* 0. 2JWT<Z>«J8I£0£ IT 
ZfUy MTt^o ^-^SSS^OOOi^ieOOOJWTT* 
*^Ra^o. 005«±, 0. 2^TO®HrtTfe^>«^tC 

[0113] nmz, muzmmzntzumz-D^xm 



(6gSl748. Ra=0.113) COft^tf&1&miZ£-oT&$i 

20 mcDn^ttmnrnzmmtistzm (&umit=&&m<D 

ffi#**SM£S/TiN (®ai748, Ra=0. 113) Offl^ttJ? 

[0 1 14] 
[«2 2] 





mm 


(kg/ma*) 


Ra 

(Mm) 


Bg&XRa 


(mis 3 ) 


BM£Bftt 


TiN 


YAD 


1748 


0. 113 


197 


0.45 


1 


TIN 


VAD 


2437 


0.196 


477 


0. 678 


1.50 


TiN 


YAD 


2265 • 


0. 162 


344 


0. 586 


1.30 




12-1 


RF-CYD 


3587 


0. 165 


591 


0. 476 


1.06 




12-2 


RF-CYD 


4567 


0. 070 


319 


0. 398 


0. 88 




12-3 


RF-CVD 


4123 


0. 007 


28 


0. 144 


0.32 




12-4 


RF-CYD 


2568 


0.176 


451 


0. 435 


0. 97 




12-5 


RF-CYD 


2236 


0. 093 


207 


0.316 


0. 70 




12-6 


RF-CYD 


3235 


0. 065 


210 


0.344 


0. 76 




12-7 


RF-CVD 


2243 


0.122 


273 


0.374 


0. 83 




12-8 


YAD 


2689 


0.096 


258 


0.3.1 


0. 69 


m 


12-9 


YAD 


3987 


0. 065 


259 


0. 335 


0.74 




12-10 


VAD 


4359 


0. 042 


183 


0. 304 


0. 68 




12-11 


YAD 


3657 


0.078 


285 


0. 366 


0.81 




12-12 


YAD 


2697 


0.165 


445 


0. 426 


0. 95 




12-13 


YAD 


4867 


0.086 


418 


0. 401 


0. 89 




12-14 


VAD 


2374 


0.146 


346 


0. 405 


0.9 




12-15 


VAD 


5682 


0. 032 


181 


0.267 


0. 59 




12-16 


VAD 


3668 


0.01 


36 


0.223 


0.50 



[0 115] EllOlCRa (Jim) XHk (kg/mm 2 ) 

*-#>m\t> Ra Urn) XHk (kg/mm 2 ) tCJgi&ffitt. 

XHk (kg/mm 2 ) T&^Tt), 7^)Vy 7X*-*>I 
TiN^CrN, (Ti, Al) NflgfCJt^T, 



50 



(Mm) XHk (kg/mm 2 ) a<500£TFT&n«&^. 
£-?2>U<bl$. Ra (urn) XHk (kg/mm 2 ) =Atl>tzt§i 
t am £ b V <h & t> -5 . 

[oi i6] (umm9) ummstmrn^m • 



37 

[0117] mwM&<Dmfe*>u%im 1 ©e>:*>x-f 
&mz-D\,*Ti£t&rzo Hut, 

SitliO. 005*$§GD$flg£ A, Sffifi£Ra**0. 005JW 



( 20 ) &m2 001-192864 

38 

:/^g#2000— 6000<£>®Bf*3T& 0 , ftORaftfO. 005£* 
_L, 0.2£tT<Z)ttHrtT»*«*lC«t)*»««3^fi< 

"3 /to 

[0 118] 
[«2 3] 



[0119 





SI SI 


*MJS 




(kg/DUD 2 ) 


Ra(/xm) 


(mo) 


mm 




Jttttt 8-5 


- 


- 


VAD 


1738 


0.26 


1.1 


SUS304 


0.07 




13-1 


Si 


0. 35 


RP-CVD 


2467 


0.25 


1.64 


SUS304 


0. 057 




13-2 


Tl 


0. 26 


RF-CVD 


5734 


0.37 


0. 57 


SCM415 


0.053 




13-3 


Ta 


0. 44 


RP-CVD 


2673 


0.48 


0. 88 


S45C 


0.064 




13-4 


W 


0. 36 


RF-CVD 


3514 


0.35 


0. 93 


FC250 


0.053 




13-5 


1 Cr 


0.21 


RF-CVD 


3577 


0. 32 


0. 84 


SCM415 


0.051 




13-6 


Ti 


0. 53 


RF-CVD 


2643 


0.193 


1.02 


SKDU 


0. 043 




13-7 


Cr 


0. 23 


RF-CVD 


3644 


0.067 


0. 87 


SCM415 


0.063 




13-8 


V 


0.57 


RP-CVD 


2141 


0. 045 


0. 94 


SKH51 


0.061 




13-9 


Ta 


0. 67 


RF-CVD 


2765 


0.164 


0. 74 


SCM415 


0.037 




13-10 


Zr 


0. 12 


RF-CVD 


3856 


0. 034 


0.36 


SUS304 


0.038 




13-11 


Ta 


0.7 


RF-CVD 


4675 


0.056 


1.86 


S45C 


0. 032 




13-12 


TaC 


0. 86 


RF-CVD 


4387 


! 0. 078 


0. 93 


SCr436 


0. 027 




13-13 


Si 


0. 88 


RF-CVD 


3678 


0. 097 


0. 78 


' SKH51 


0. 033 




13-14 


Si 


0.63 


RF-CVD 


5748 


0. 009 


S 0.77 


SUS304 


0. 037 




13-15 


W0Mt* 


0. 89 


RF-CVD 


2764 


0.057 


1.06 


SCM4I5 


0.047 




13-16 


Nb 


0. 44 


RF-CVD 


2846 


0.137 


1.13 


SCr436 


0.045 




13-17 


Hf 


0. 87 


RF-CVD 


2236 


0. L68 


1.04 


S45C 


0. 052 




13-18 


W 


0. 59 


RF-CVD 


3387 


0. 045 


0. 98 


SCM415 


0. 038 




13-19 


Nb 


0.35 


RF-CVD 


3984 


0. 069 


0.96 


SCM415 


0.034 




13-20 


TaC 


0.61 


RF-CVD 


j 4725 


0. 082 


0. 54 


1 AC8A 


0. 03 


] [«2 4] 




mm 


BUS 

(/im) 




(kg/ma 2 ) 


Ra(/*m) 


SUP 
(Mm) 


mm 




tt*W0 8-5 






VAD 


1738 


0.26 


1. 1 


SUS304 


0.07 




13-21 


Hf mm 


0. 26 


RF-CVD 


4631 


0.196 


0. 26 


SKD11 


0.033 




13-22 


Ta mm 


0. 49 


RF-CVD 


2137 


0. 164 


0. 79 


SUS304 


0.057 




13-2S 


zr mem 


0. 85 


RF-CVD 


3374 


0. 024 


1.66 


S45C 


0.041 




13-24 


Ti 


0. 77 


VAD 


3584 


0. 066 


1.37 


SCM415 


0. 038 




13-25 


Ti 


0. 47 


VAD 


5872 


0.072 


0.31 


SKD11 


0.032 




13-26 


Cr 


0.15 


VAD 


4235 


0. 084 


0.67 


SCM415 


0. 031 




13-27 


cr mtm 


0. 12 


VAD 


3798 


0. 097 


0.77 


SCM415 


0.034 




13-28 


V 


0.43 


VAD 


2858 


0. 115 


0.88 


SXD11 


0.037 




13-29 


Si 


0. 26 


VAD 


5362 


0. 041 


1. 11 


SUS304 


0.036 


M 


13-30 


Si 


0.59 


VAD 


3124 


0. 036 


1.68 


SCr436 


0. 042 


13-31 


Si 


0. 74 


VAD 


2174 


0.157 


0. 54 


. FC250 


0. 053 




13-32 


Nb 


0.68 


YAD 


2586 


0. 007 


0. 24 


SUS304 


0. 048 




13-33 


Nb 


0. 66 


VAD 


3647 


0.125 


0.13 


SCM415 


0.041 




13-34 


V 


0. 53 


YAD 


4768 


0. 053 


0. 88 


SKDU 


0. 03 




13-35 


W 


0.31 


YAD 


4986 


0. 074 


1.36 


SCM415 


0. 028 




13-36 


Zr 


0. 24 


YAD 


5634 


0.062 


1.87 


S45C 


0.027 




13-37 


Zr 


0.51 


YAD 


2764 


0. 033 


0. 63 


SUS304 


0. 045 




13-38 


Hf 


0.84 


YAD 


5896 


0. 048 


0. 67 


SCr436 


0. 03 




13-39 




0.53 


YAD 


2343 


0.135 


1.38 


AC8A 


0. 052 




13-40 


Nb Kftfe 


0.69 


VAD 


2854 


0.164 


0. 74 


SCM415 


0.044 




13-41 


Ti Mtto 


0. 74 


VAD 


3763 


0. 074 


0. 89 


SKR51 


0. 035 



( 21 ) 



39 



&ffl2 001-192864 
40 



[0121] 
[*2 5] 



[0 12 2] 







(/4m) 




(kg/mm 2 ) 


8®S3 


SUP 
(rxm) 


mm 




00 


\mm 7-3 


- 


- 


RP-CVD 


2564 


0. 045 


0.8 


S45C 


0.034 


15 


JtttW 7-4 






VAD 






n ft 

U. 0 




n n^fi 
u. uoo 


1 L 




14-1 


Ti 


0.53 


RF-CVD 


2643 


0.193 


. 1.02 


SKD1I 


0. 043 


28 




14-2 


Zr 


0. 12 


RF-CVD 


3856 


0. 034 


0. 36 


SUS304 


0. 038 


26 




14-3 


Ta 


0.7 


RF-CVD 


4675 


0.056 


1.86 


S45C 


0. 032 


25 




14-4 


Si 


0.53 


RF-CVD 


5748 


0. 009 


0. 77 


SUS304 


0. 037 


24 




14-5 




#1 A. A 

0.89 


RF-CVD 


AAA J 

2764 


0.057 


1.06 


SCM415 


0. 047 


27 




14-6 


Hf 


0.87 


RF-CVD 


2235 


0.168 


1.04 


S45C 


0. 052 


29 


is 


14-7 


w 


0.59 


RF-CVD 
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